objective To assess the uptake of WHO-recommended PMTCT procedures in Ethiopia's health services.
Introduction
The 2011 Global Plan towards the elimination of new HIV infections among children and keeping mothers alive aimed at reducing new childhood infections by 90% and HIV-related maternal death by 50% by 2015 [1] . Antiretroviral treatment (ART) in HIV-positive pregnant and breastfeeding women in Africa can reduce HIV transmission to below 5% [2] ; however, uptake of HIV testing and counselling, uptake of ART, treatment adherence and retention in care and uptake of early infant diagnosis (EID) for HIV-exposed infants remain major challenges. Within the UNAIDS 90-90-90 agenda (90% of people living with HIV know their HIV status, 90% of HIV-infected patients receive treatment, 90% of patients on treatment have a suppressed viral load), these key elements are targeted [3] . Based on the complexity of previous PMTCT regimens (Option A and B [4] ), current guidelines recommend Option B+, which includes immediate and lifelong triple ART irrespective of clinical stage or CD4 cell count for all HIV-infected pregnant and breastfeeding women [5] . This approach was implemented into the Ethiopian National Guidelines in 2013, associated with a National Strategic Plan of Elimination of Mother to Child Transmission of HIV (eMTCT) [6] .
Data from the latest 2014 Ethiopian antenatal sentinel surveillance indicated that the HIV prevalence among pregnant woman had declined in urban areas from 14.3% in 2001 to 3.9% in 2014, and in rural areas from 4.1% in 2003 to 1.4% in 2014 [7, 8] . The total number of health facilities providing PMTCT services had increased to 2150 in 2013, and the antiretroviral treatment coverage for HIV-positive women was 81% [1, 7, 8] .
Single-dose nevirapine (NVP) prophylaxis in HIVexposed neonates reduces mother-to-child transmission rates and should therefore be taken by infants at least until Week 4 after birth [4, 5] . In HIV-infected infants, the disease progresses rapidly, and without access to treatment mortality approaches 50% at 1 year [9, 10] . EID has improved enrolment in care and contributed to improved outcomes for many children with HIV; however, only 42% of HIV-exposed infants receive a diagnostic test within 2 months of birth, and only 49% of children living with HIV are receiving ART [1] [2] [3] . HIV EID based on qualitative HIV-DNA analysis from dry blood spots (DBS) should be collected 4-6 weeks after birth [11] . In African countries, this analysis is performed in centralised laboratories, implicating a cascade of errorprone linkage procedures such as sample transfers to the laboratories, turnaround time for analysis, result reporting to the health facilities, result dissemination to the infant's care taker and linkage to care and treatment.
Previous Ethiopian studies have investigated adherence to recommended PMTCT and EID procedures in different settings [12] [13] [14] [15] [16] [17] , but more recent data are needed. We therefore designed a prospective cohort study in urban Addis Ababa to evaluate the uptake and performance of recommended procedures within the maternal and infant PMTCT and EID cascade.
Methods

Study design and settings
In this prospective cohort study, we evaluated retention in care, uptake of maternal antiretroviral PMTCT regimens and adherence, uptake of infant nevirapine prophylaxis and adherence, uptake of and linkage to HIV EID procedures, and resulting neonatal HIV transmission rates. The study was conducted at seven Ethiopian Ministry-affiliated primary health centres (Bole, Kirkos, Gulele, Kolfe, Sarris, Mesholekya and Sheromeda Health Centres) that provide PMTCT and obstetric services in urban Addis Ababa. Health centres were chosen from high catchment areas and distributed across Addis Ababa. The study was conducted by trained health centreemployed nurses, midwives and mother's support groups for tracing purposes, including two research nurses who assisted in study procedures. PMTCT procedures were performed according to National Guidelines for PMTCT of HIV in Ethiopia [18] , which were revised in early 2013 when the Ethiopian government launched Option B+ [6] .
Study population
HIV-infected pregnant women aged 18 years or older were contacted during antenatal care (ANC) and eligible for study participation if HIV infection was confirmed either by national HIV testing algorithm or documented medical charts. Women were excluded if there was evidence for mental or physical incapacity. All women received written and oral study information and were required to give written informed consent for themselves and their infants before any study procedures.
Study procedures
Participating women and infants were followed up at the time of delivery, at Day 6 and at Week 6 post-partum following national recommendations for post-natal care and PMTCT. During ANC, women's characteristics and sociodemographic data were gathered through a studytailored structured questionnaire that included participants' tracing information. HIV status and antiretroviral information were obtained either from patient's blue cards or extracted from hospital charts. Data collected during delivery comprised date and type of delivery, infant outcome (live-born, stillbirth) and gender. During delivery, at Day 6 and Week 6, the maternal ART status was revised and maternal adherence to antiretroviral treatment was assessed using a self-administered questionnaire. The five-item questionnaire included (i) a 4-day recall asking for numbers of skipped doses (never, 1, 2, 3 or 4 skipped doses), (ii) a 1-month recall of voluntary treatment interruptions (never, <1 weeks, 1-2 weeks, more than 2 weeks), (iii) an ordinal question of skipped doses, (iv) shifted doses more than 2 h over the last month (never, rarely, often) and (v) a question about following prescription over the past month (totally followed, generally followed, often modified, almost never followed prescription or interrupted treatment). Infant's assessment included uptake of NVP prophylaxis and adherence, using an adapted five-item questionnaire on difficulties in administering infant prophylaxis completed at Day 6 and Week 6 post-partum. Collection dates of infant DBS, receipt dates of EID results and outcome were extracted from the health centre DBS-EID registers. Samples were transferred to the centralised Addis Ababa Administration Health Bureau, Health Research Laboratory Service for qualitative HIV-DNA assessments for EID.
For women/infants who did not attend study visits, tracing information was sought focused on continuation of PMTCT procedures and infant outcome. Tracing information was included into the outcome analysis if available.
Data collection and statistical analysis
Clinical and laboratory data were recorded in study-specific case report forms and entered into a study-tailored database, which was programmed in Epi Info (CDC Atlanta, Version 3.5.3). Descriptive statistics were reported for maternal baseline characteristics, HIV and ART-associated information, infant outcome, infant prophylactic treatment and EID information. Treatment adherence was graded as good if all adherence questioners indicated optimal compliance (no interruption, never shifted or skipped doses, totally followed prescription); moderate if doses were once or rarely skipped or shifted, or prescriptions were generally followed; poor if doses were skipped or shifted more than once or often, or prescriptions were often modified or ignored. Adherence grades were assessed for mothers and infant for each time-point (delivery, Day 6 and Week 6). Combined post-delivery or overall adherence was summarised, and discrepant adherence grades by different time-points were combined based on the worst case for adjacent grades (poor + moderate = poor) or using the middle value (poor + good = medium). Comparison of treatment adherence before and after delivery was performed using McNemar's exact test. Study site-adjusted Poisson regression indicating risk ratios (RR) with robust variance estimates was used to analyse sociodemographic and HIV-related risk factors associated with poor antiretroviral treatment adherence. For all statistical tests, an alpha level of <0.05 was used to define significance. All statistical analyses were performed using Stata statistics software (version 14, StataCorp, College Station, TX, USA).
Ethical considerations
This study was approved by the Ethical Clearance Committee of the Addis Ababa City Administration Institutional Health Bureau, the Ethical Review Board of the Addis Continental Institute of Public Health, and the Ethics Committee at the University of Munich in Germany. Participation was free and voluntary, and the study was conducted according to the ethical principles of the Helsinki Declaration.
Results
Between October 2012 and July 2015, 494 HIV-infected pregnant women were enrolled into the study. Woman's study site affiliation, baseline demographic, socioeconomic, educational, occupational and HIV status characteristics are shown in Table 1 . In brief, the median age was 28 years; the majority of women were married and Orthodox Christians, had primary or secondary school degrees, were house wives or private employees, with a median monthly family income of 1000 Ethiopian Birr (around 47 USD). The median CD4 count was 387 cells/ ll; 42.1% had a last CD4-count <350 cells/ll. HIV infection was known before pregnancy in 263 (53.2%) women, and HIV was first diagnosed in 223 (45.1%) women during this pregnancy. Very late HIV diagnosis <4 weeks before delivery or at the time of delivery was made in 6 (2.7%) and 3 (1.4%) women, respectively ( Figure 2a ).
After enrolment, 17 (3.4%) women decided to continue PMTCT and obstetric services outside the study sites, 7 (1.4%) were transferred to higher-level health facilities due to obstetric problems, and 7 (1.4%) did not continue with study procedures due to abortion or foetal death before the date of delivery. Another two women decided to not continue with PMTCT procedures and 19 were lost to follow up for unknown reasons before delivery ( Figure 1 ). Of the remaining 442 women who were followed up during delivery, 19 mother/infant pairs dropped out of study procedures until Week 6 post-partum either because they continued post-natal services at other health facilities (N = 5), or because of still birth (N = 6), early infant death (N = 3), maternal death (N = 1) or unwillingness (N = 3). In total, 24 (4.9%) women chose not to complete PMTCT services or were lost to follow-up.
Maternal ART initiation and adherence
Antiretroviral treatment was initiated during or after pregnancy in 321 women, of whom 94 (29.3%) were Tropical Medicine and International Health volume 22 no 6 pp 765-775 june 2017
known to be HIV-positive before the current pregnancy but still ART na€ ıve; 220 (68.5%) women were HIV diagnosed during this pregnancy, and for seven women, the date of HIV diagnosis was not known. Most women received a fixed-dose combination of tenofovir, lamivudine and efavirenz, and 37 women received zidovudine monotherapy according to Option A guidelines. The median time of ART initiation before delivery in women starting treatment during pregnancy was 17.4 weeks (IQR 11.7-23.9). Antiretroviral PMTCT coverage was critical in 19 (5.9%) women who initiated ART <4 weeks, and suboptimal in 56 (17.4%) women who initiated ART 4-12 weeks before delivery (Figure 2b) . Very late or late ART initiation in these 75 women was due to either late HIV diagnosis in 46 (61.3%), or due to (Figure 2c ). Overall self-reported antiretroviral treatment adherence was good in 41.3% and poor in 17.3%, and adherence was comparable between women who had started ART during pregnancy or were on ART already before pregnancy (Table 2) . Treatment adherence was significantly better before delivery than afterwards (good adherence: 60.8% vs. 50.5%, P ≤ 0.001; poor adherence: 7.0% vs. 12.5%, P = 0.002). Socio-demographic factors significantly associated with poor self-reported treatment adherence were as follows: divorce, separation or widowhood (RR 2.2, 95% CI 1.3-3.8, P = 0.004), and low family income (RR 2.1, 95% CI 1.1-4.1, P = 0.027), whereas age, religion, ethnicity, education, occupation, HIV diagnosis or ART initiation before or during pregnancy were not associated with poor adherence (Table 3 ). In women starting ART during pregnancy, poor treatment adherence was significantly associated with CD4 counts <200 cells/ll (RR 1.7, 95% CI 1.0-3.0, P = 0.049) and ART initiation during delivery (RR 2.5, 95% CI 1.1-5.6, 
Infant outcome and EID linkage procedure
Infant outcome information, either directly obtained during study visits or through active tracing, indicated that 435 (88.1%) infants were born alive (50.1% males, 9.4% caesarean sections), 10 (2.0%) were stillbirths, 7 (1.4%) were abortions or early intrauterine foetal deaths, and for 42 (8.5%) infants, no outcome information was obtainable. Four infants died during the post-natal period because of respiratory distress, pneumonia or for unknown reasons; for none of these infants, HIV infection information was collected. Nevirapine prophylaxis was initiated in 98.6% of infants born alive, and in two cases, prophylaxis was not initiated due to early infant death or mother's refusal, and in four infants previously Values are provided for numbers (%). *N = 7 women missing information on ART initiation. †Overall adherence includes any adherence information provided, either before and after delivery, or only before or only after delivery. referred to other health facilities, no information was obtainable. Self-reported adherence to NVP prophylaxis was good in the majority of patients; however, adherence reported at Week 6 was better than adherence reported at Day 6 (good adherence: 80.9% vs. 76.6%, P = 0.028; poor adherence: 3% vs. 7.4%, P = 0.003) ( Table 4) . Dry blood spots for EID was collected after a medium duration of 6.7 weeks (IQR 6.4-10.4) after birth. DBS collection categorised by week after delivery (Figure 3a) indicated that only 12.2% had blood collected within the recommended period of 4-6 weeks post-partum, 68.2% cumulatively by Week 8 and 77.5% by Week 12 postpartum. Eighty-three (19.1%) infants had DBS collected later than 12 weeks post-partum, some of those more than 1 year after delivery. The turnaround time between DBS collection and receipt of EID results at the health centre was a median 4.1 weeks (IQR 2.3-4.7). Turnaround times by week categories (Figure 3b ) indicated that cumulatively health centres had received EID results for 41.4% of infants by Week 4, for 76.3% by Week 8 and for 7.6% later than 8 weeks after DBS collection. The turnaround time between birth and receipt of EID was a median 11.3 weeks (IQR 10.1-16.4). HIV results were available for 4.8% of infants after 8 weeks, for 46.7% cumulatively within 12 weeks and for 71.5% within 24 weeks; 54 (12.4%) infants' results were available after 24 weeks, some of these even after 1 year (Figure 3c) . Of the 424 infants with available EID results, only two (0.5%) were HIV-DNA reactive. In both cases, mothers received triple ART and infants received NVP prophylaxis, and from them, DBS samples were collected around Week 7 and EID results were available around Week 9 post-partum. The third HIV-infected infant was born to a mother who terminated PMTCT during pregnancy, had home delivery and later DBS-EID procedures performed elsewhere with results available following tracing information. Therefore, the transmission rate in infants born alive with available HIV infant outcome Values are provided in numbers of cases(n)/numbers of participants analysed (N) and percentage (%). RR = risk ratio (95% exact/Clopper-Pearson confidence interval) and P-values were calculated using study-site-adjusted Poisson regression analysis; significant values are highlighted in bold. Values are provided for numbers (%).
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information was 0.7% (3/431 infants). For four infants who died within the 6 weeks post-partum period, no HIV results were available; a possible HIV-related cause of infant death could not be excluded. The transmission rate in infants of mothers who received adequate PMTCT coverage was 0.5% (2/429 infants), two mothers did either not comply with PMTCT procedures or were lost to follow-up for unknown reasons which resulted in one infant HIV transmission. We followed up 422 infants who were HIV negative by Week 6 for 18 months and none of them were HIV seropositive.
Discussion
In our prospective study of HIV-infected pregnant women and their newborn infants, we observed a low HIV mother-to-child HIV transmission rate of 0.7% after a median of 6.7 weeks indicating high effectiveness of the current PMTCT procedures. [21] . Our data therefore reflect the beneficial impact of the latest recommendations on maternal and infant antiretroviral prevention in Ethiopia, namely the introduction of maternal triple ART regimens. Data from the PROMISE study in India and several African countries reported similar transmission rates of 0.5% and 0.6% among women receiving triple ART [21] . The uptake of PMTCT procedures in our study was very good with a loss of follow-up rate of 4.9%, which is less than reported in other studies [22] [23] [24] [25] . The majority of women in our study were HIV diagnosed and started ART during pregnancy within a median duration of 1.3 weeks between HIV diagnosis and ART initiation, 46.4% of women started treatment within 1 week after diagnosis. The immediate initiation or ART at the time of HIV diagnosis, as recommended within the Option B+ procedures, is controversially debated as there is concern on sustained treatment adherence. In fact, defaulting from treatment has been reported to be higher in women starting on Option B+ as than in those who were already on ART based on clinical and immunological criteria [26] [27] [28] . In our analysis, we did not observe differences in self-reported treatment adherence between women who immediately started ART and those with delayed ART initiation, or between women who started ART during pregnancy and those who were already on ART prior to pregnancy. Late treatment initiation despite known HIV infection in 38.7% of cases could have been avoided by applying test-and-treat procedures. Self-reported ART adherence in our study indicated a substantial proportion of women admitting poor or moderate treatment adherence. Although this apparently did not lead to high mother-to-child transmission rates, it may raise concern on treatment durability and development of drug resistance as reported in pregnant women from South Africa [29] and Malawi [30] . Evidence for poor post-partum treatment adherence [25] was also seen in our analysis, as the proportion of women with selfreported poor adherence was significantly higher during the post-partum period than before delivery. Poor selfreported adherence was significantly associated with women who started ART very late during the perinatal period, indicating that enforced adherence counselling after delivery is especially needed in these women. Other risk factors associated with poor treatment adherence were low CD4 counts, women who were separated, divorced or widowed, and women with severe financial constraints. Severe economic constraints probably represent the most important social risk factor in our population, translating into lack of transportation money to the health care facilities or lack of time for personal health care instead of generating income. Intervention packages to increase the uptake and adherence to ART in Africa, including enforced patient counselling on HIV surrogate markers such as CD4 counts and strategies to meet economic challenges, are currently investigated in the PopART Study [31] .
Infant prophylactic NVP exposure in our study was very good and almost all infants started and completed treatments, likely attributable to the low mother-to-child transmission rate observed. Self-reported adherence to NVP prophylaxis was better after 1 week than in the first 6 days after birth, possibly reflecting initial difficulties with administering the NVP syrup. In contrast, the analysis of EID procedures in our study revealed major challenges. Although the time of infant dry blood sample collection (median 6.7 weeks after birth) and turnaround time of EID results after DBS collection (median 4.1 weeks) was relatively reasonable, only 4.8% of EID results were available within the recommended 2 months after birth, and cumulatively 46.6% within 3 months. In a substantial proportion of cases, EID results were received much later. The fact that that all infants alive received DBS collections and had reported EID results is most probably biased by study-related perseverance. One of the major reasons for deficiencies in EID procedures in our study was a central stock-out of laboratory reagents for HIV-DNA measurements in 2013 which lasted several months. Similar problems are known from other African countries as reflected within the UNAIDS report [1] and recent reviews [23, 24] . Problems related to centralised EID procedures and linkage might be overcome by the introduction of novel point-of-care HIV diagnostic systems as recently recommended by WHO [32] , which enable EID procedures directly at the health facilities with turnaround times of <2 h [33] .
In conclusion, our study demonstrated low HIV transmission rates from mothers who, for the majority, received triple ART during pregnancy associated with high infant NVP prophylaxis coverage. Limitations for the generalisability of our results are mainly study procedure-related (selection bias leaving out most-at-risk cases who do not reach services, optimised tracing procedures, repeated treatment counselling beyond the usual routine procedures, perseverance in attaining EID results). Efforts to maintain antiretroviral treatment coverage and adherence are especially important during the post-partum period.
